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Introduction 40 41
Anti-predatory benefits have long been considered a major factor driving group 42 living (Alexander, 1974; van Schaik, 1983; Elgar, 1989; Roberts, 1996; 43 Bettridge & Dunbar, 2012). One of the major advantages of group living is 44 thought to be easier detection of predators in large rather than small groups 45 
Symington, 1988). 143
Our aim was to evaluate the role of conspecifics in explaining variation in 144 spider monkey vigilance. First, we examined whether spider monkey vigilance 145 was affected by subgroup size. If the hypothesis that vigilance serves mainly to 146 monitor external threats, such as predators, applies to spider monkeys, we 147 predicted that individuals would spend less time vigilant in larger than in smaller 148 subgroups. Alternatively, given that primates face a higher frequency of within-149 group aggression compared with other taxa (Treves, 2000) vigilant. Third, we examined the role of location in terms of the probability of 158 between-community encounters. Given that the risk of between-community 159 encounters is higher at the boundaries of the community home range 160 The study subjects were 22 individuals of a well-habituated community of 178 spider monkeys (Ateles geoffroyi) living in the protected area (6 adult males, 10 179 adult females, 1 subadult male, 5 subadult females). However, 6 subjects (1 180 adult male, 3 adult females and 2 subadult females) were observed less than 181 three hours and were therefore not included in the data analysis. Subjects have 182 been part of a continuous long-term project since 1997 and each monkey was 183 individually recognized by facial features and differences in fur coloration. We 184 classified individuals as adults if they were more than 8 years of age and as 185 subadults if they were 5-8 years old. As the birth date was not known for 186 immigrant females, they were classified as subadults until they gave birth for the 187 first time (Shimooka et al., 2008) . 188
189

Data collection 190 191
We observed the monkeys in 4-hour or 8-hour shifts throughout the 192 course of the day. LB and 2 field assistants followed subgroups (hereafter 193 subgroup follow) an average of 5.5 hours a day. Data were collecting by using 
Data analyses 221 222
Linear mixed models (LMMs) were used to examine the effect of several factors 223 on vigilance. We selected LMMs to allow focal animal identity to be included as 224 a random factor to account for the lack of independence resulting from multiple 225 focal observations on the same individual. The dependent variable was the 226 proportion of time the subject spent vigilant in each focal sample. To calculate 227 this proportion the duration the subject was vigilant was divided by the duration 228 of the focal sample minus the time the subject was out of view and the time the 229 visibility was too poor to reliably observe vigilance. We transformed the data 230 with the arcsine of the square root to normalize them (Quinn & Keough, 2002) . 231
We entered the following independent variables: subgroup size, number of 232 neighbours and location (boundary or non-boundary areas). Subgroup size was 233 the number of adults and subadults that were present in the subgroup during 234 the focal sample; in cases where fission or fusion events occurred during the 235 focal sample we used the subgroup size occurring for the majority of the focal 236 sample. The number of neighbours was the mean number of neighbours 237 present in the 2-minute scans collected during the focal sample. As subgroup 238 size and number of neighbours are two measures of association between 239 community members, we evaluated the potential correlation between them and 240 the Pearson's correlation coefficient was 0.2 (with a low variance inflation factor 241 of 1.044; O'brien, 2007) . 242
In order to classify the location of the focal animal as boundary area or 243
non-boundary area, we estimated the community home range with GPS data 244 points using the kernel method (Worton, 1989) . We considered the area 245 between the 80% and the 95% kernel of the utilization distribution as boundary 246 area and the area within the 80% kernel of the utilization distribution as non-247 boundary area. In order to test whether location affected vigilance given the 248 differential possibility of between-community encounters, we excluded the focal 249 samples collected at the boundaries along the lake, because no other monkey 250 11 communities can be present. We also included the interaction between 251 subgroup size and location as an independent variable. In all analyses, the age 252 and sex of the focal animal were included in the LMMs as additional 253 independent variables to control for potentially confounding effects, as well as 254 the subgroup type (mixed sex or unisex). The best models were chosen using 255 the lowest Akaike information criteria (AIC, Richards et al., 2011) . All the 256 statistical analyses were carried out using the "nlme" package in R
Results
261
The best model was the full model that included all independent variables (AIC: 262 -40.27). We found no evidence for subgroup size affecting the proportion of time 263 individuals spent vigilant (Table 1) . In contrast, the number of neighbours had a 264 statistically significant effect on the proportion of time individuals spent vigilant 265 (Table 1) (Table 1) . To better understand the interaction effect, we ran two further 276 models, one for each location type. Subgroup size had a significant negative 277 relationship with the proportion of time spent vigilant in boundary areas (t44=-278 2.64; p=0.01, Figure 2 ), whereas it had no effect in non-boundary areas 279 We found no overall relationship between subgroup size and vigilance in wild 297 spider monkeys. This outcome does not support the prediction of lower 298 vigilance when subgroups are larger according to the hypothesis that vigilance 299 serves mainly to monitor external threats, such as predators. Similarly, the 300 result does not provide evidence supporting the prediction of more vigilance 301 when subgroups are larger according to the hypothesis that vigilance serves to 302 monitor group members. By contrast, our findings supported the hypothesis that 303 vigilance can be shared with conspecifics when they are in proximity (within 5 304 m) as individuals spent less time vigilant when they were with a higher number 305 of neighbours. The hypothesis regarding location, in terms of differential 306 probability of between-community encounters having an effect on vigilance, was 307 also supported as spider monkeys spent more time vigilant in boundary areas 308 compared with non-boundary areas. Our results also showed that location 309 may make individuals more aware of their neighbours' activity compared to that 337 of all subgroup members, thus reducing the need for active monitoring. In 338 addition, the dilution effect might apply more strongly among neighbours than 339 among all subgroup members (e.g. in white-faced capuchins, Philips, 1995; red 340 colobus and red-tail monkeys, Treves, 1998) . The perception of a lower risk of 341 predation when individuals have neighbours may lead to lower vigilance levels. 342
Given the multiple reasons to consider neighbours as an important factor 343 affecting individual vigilance, it would be prudent to take into account 344 neighbours in future vigilance studies. Neighbour presence can be thought of as 345 another association level of individuals (in addition to group size, Treves, 1998). 346
If not considered, it could represent a confounding factor in the relationship 347 between vigilance and grouping patterns. 
